All .CEL files used in this study were downloaded from the Gene Expression Omnibus database (accession number GSE 2109) and are freely available.

Introduction {#sec005}
============

Urothelial carcinoma may arise at any location along the course of the urothelium between the urethra and the renal pelvis. Upper tract urothelial carcinoma (UTUC) is comprised of ureteral and renal pelvis carcinoma and accounts for only 5% of all urothelial carcinoma \[[@pone.0137141.ref001]\]. UTUC has been found to have similar chromosomal abnormalities and genetic mutations when compared with urothelial carcinoma of the bladder (UCB) \[[@pone.0137141.ref002]\]. However, there is evidence for unique pathogenic processes specific to UTUC. Patients with Hereditary Nonpolyposis Colorectal Cancer and Balkan Nephropathy have a higher incidence of UTUC \[[@pone.0137141.ref003],[@pone.0137141.ref004]\]. UTUC has also been associated with anomalies in the activity of specific regulatory proteins \[[@pone.0137141.ref005],[@pone.0137141.ref006]\]. The aim of this study was to evaluate the molecular differences between UTUC and UCB through analysis of gene expression data. In addition to finding significant molecular differences between upper tract and bladder urothelial carcinoma, upper tract tumors had a strong association with a luminal subtype and may have a higher tendency to express SLITRK6, a target of an antibody-drug complex currently in phase I trials.

Material (Patients) and Methods {#sec006}
===============================

Search for Datasets {#sec007}
-------------------

Online repositories of genomic datasets including Gene Expression Omnibus and ArrayExpress were searched using the following terms: "upper tract", "urothelial carcinoma", "bladder carcinoma", "ureter", "ureteral", and "renal pelvis." Datasets were included only if the dataset had robust clinical annotation. Datasets without feature level RNA expression data were excluded. Raw data were downloaded in.CEL format and clinical data associated with each sample were abstracted. Clinical variables associated with UCB and UTUC specimens were compared with Fisher's exact test for categorical variables and Wilcoxon rank-sum test for continuous variables. A p-value of \<0.05 was considered significant.

Normalization, Unsupervised, and Supervised Analysis {#sec008}
----------------------------------------------------

Data analysis was performed using BRB-ArrayTools (v 4.2.1) \[[@pone.0137141.ref007]\] and R v 3.1.1\[[@pone.0137141.ref008]\]. Raw data (.CEL) files were imported. The data were normalized using the Robust Multi-Array Average (RMA) algorithm\[[@pone.0137141.ref009]\]. Unsupervised analysis was performed using the Euclidian distance method of hierarchical clustering on all samples\[[@pone.0137141.ref010]\]. A separate hierarchical clustering analysis was performed for samples within each T stage. Supervised analysis was performed using a t-test with a random variance model to evaluate for differentially expressed genes with a p-value of \<0.001. Differentially expressed genes from the class comparison analysis were individually evaluated using the *affy* package in R for potential insights into disease processes and novel markers\[[@pone.0137141.ref011]\].

Pathway Analysis and Luminal versus Basal Signature {#sec009}
---------------------------------------------------

Pathway analysis was performed with the bioconductor package Parametric Gene Set Enrichment Analysis \[[@pone.0137141.ref012]\]. This package tested for increased or decreased activity of known oncogenic pathways in each sample. Normal human urothelial cells were used as a reference sample \[[@pone.0137141.ref013]\]. Using the R package *gplots*, a heatmap was created using the genes from the BASE47 signature, which has been shown to successfully differentiate tumors into basal or luminal subtypes \[[@pone.0137141.ref014]\]. All 20 UCB tumors and all 12 UTUC tumors were used in the creation of the basal versus luminal heatmap.

Results {#sec010}
=======

Dataset Selection {#sec011}
-----------------

One dataset from the Expression Project for Oncology met all inclusion criteria \[[@pone.0137141.ref015]\]. All.CEL files were downloaded from the Gene Expression Omnibus database (accession number GSE 2109). This dataset is a clinically annotated set of de-identified tumor samples from multiple institutions. The gene expression profile of all samples in this dataset was evaluated using the Affymetrix Human Genome HGU 133 Plus 2.0 Array. Within this dataset, there were a total of 32 samples with clinical annotation: 12 UTUC samples and 20 UCB samples. Clinical characteristics of the patients are listed in [Table 1](#pone.0137141.t001){ref-type="table"}. There were significant differences between UTUC and UCB with respect to gender and for pT1 tumors but not for pT2/pT3/pT4 tumors and not for lymph node involvement or distant metastasis.

10.1371/journal.pone.0137141.t001

###### Clinical characteristics.

![](pone.0137141.t001){#pone.0137141.t001g}

                                    Upper Tract Urothelial Carcinoma (n = 12)   Bladder Urothelial Carcinoma (n = 20)   p-value           
  --------------------------------- ------------------------------------------- --------------------------------------- --------- ------- ------
  **Age Group (median)**                                                                                                                  
  ** **                             60--70                                      60--70                                  1.0               
  ** **                                                                                                                                    
  **Gender**                                                                                                                              
  Men                               4 (33%)                                     16 (80%)                                0.02              
  Women                             8 (67%)                                     4 (20%)                                                   
                                                                                                                                           
  **Pathologic TNM stage**                                                                                                                
  Ta                                1                                           (8%)                                    0         (0%)    0.38
  T1                                4                                           (33%)                                   0         (0%)    0.01
  T2                                1                                           (8%)                                    14        (70%)   0.07
  T3                                6                                           (50%)                                   6         (30%)   0.28
  T4                                0                                           (0%)                                    0         (0%)    1.0
  N+                                2                                           (17%)                                   4         (20%)   1.0
  M+                                1                                           (8%)                                    0         (0%)    0.38
                                                                                                                                           
  **Smoking (median pack years)**                                                                                                         
                                    36--40                                      36--40                                  1.0               

Data Analysis {#sec012}
-------------

Hierarchical clustering of all samples did not reveal identifiable differences between UTUC and UCB ([S1 Fig](#pone.0137141.s001){ref-type="supplementary-material"}). However, when separated by pathologic T stage, there was evidence of differential clustering among pT3 tumors ([Fig 1](#pone.0137141.g001){ref-type="fig"}). Further class comparison analysis was performed using only pT3 tumors. There were a total of 81 genes differentially expressed between UTUC and UCB pT3 tumors ([S2 Fig](#pone.0137141.s002){ref-type="supplementary-material"}). The ten genes with the highest level of differential expression in UTUC and UCB are listed in [Table 2](#pone.0137141.t002){ref-type="table"}. Genes over-expressed in UTUC were notably enriched for tyrosine kinase signaling and regulation of apoptosis. In addition, two are involved in immune and inflammatory pathways (IFI27 and HCP5). One gene found to be over-expressed in upper tract urothelial carcinoma, SLITRK6, is an integral membrane protein known to have high levels of expression in certain carcinomas but low levels of expression in most other tissues \[[@pone.0137141.ref016]\]. This marker has been shown to have high levels of expression in UCB\[[@pone.0137141.ref017]\]. The analysis in this study compares expression of UTUC to UCB and therefore upper tract urothelial carcinoma appears to have particularly high levels of expression of this gene ([Fig 2](#pone.0137141.g002){ref-type="fig"}).

![Hierarchical clustering of pT3 tumors shows differential clustering between upper tract and bladder urothelial carcinoma.](pone.0137141.g001){#pone.0137141.g001}

![Higher levels of expression of SLITRK6 in UTUC than bladder UCB.](pone.0137141.g002){#pone.0137141.g002}

10.1371/journal.pone.0137141.t002

###### Top Over-Expressed Genes in Bladder and Upper Tract Urothelial Carcinoma.

![](pone.0137141.t002){#pone.0137141.t002g}

  Over-expressed in Bladder Urothelial Carcinoma   Over-expressed in Upper Tract Urothelial Carcinoma
  ------------------------------------------------ ----------------------------------------------------
  (IFI27) Interferon alpha inducible protein 27    (SLITRK6) SLIT and NTRK-like family, member 6
  (ACTG2) Actin, Gamma 2                           (TSPAN12) Tetraspanin 12
  (HCP5) HLA complex P5                            (PLS1) Plastin 1
  (ALDH1A3) Aldehyde dehydrogenase 1 family, A3    (SPGL1) Spingosine-1-phsphate lyase 1
  (MCL1) Myeloid cell leukemia sequence 1          (HOXB4) Homeobox B4

Pathway Analysis and Luminal versus Basal Signature {#sec013}
---------------------------------------------------

Pathway analysis using the R package Parametric Gene Set Enrichment Analysis found under-expression in the TNF and HGF pathways in UCB compared with UTUC ([Fig 3](#pone.0137141.g003){ref-type="fig"}). When hierarchical clustering was performed using the BASE47 gene signature, upper tract tumors tended to cluster in a group with high expression of luminal genes ([Fig 4](#pone.0137141.g004){ref-type="fig"}).

![Pathway analysis shows low expression of HGF and TNF in upper tract urothelial carcinoma.\
Blue indicates lower expression and red indicates higher expression.](pone.0137141.g003){#pone.0137141.g003}

![Heatmap of BASE47 gene signature with high expression of luminal type markers in UTUC.](pone.0137141.g004){#pone.0137141.g004}

Discussion {#sec014}
==========

UTUC is an uncommon malignancy with an incidence of 0.7/100,000 person years\[[@pone.0137141.ref018]\]. Definitive treatment consists of radical nephroureterectomy with resection of the intramural ureter. The most important prognostic factor following surgical resection is pathologic tumor stage: the 5 year survival is 88--91% in superficial disease (Tis, Ta, T1), 71% in T2 disease, 48% in T3 disease, and \<5% for T4 disease\[[@pone.0137141.ref019]\]. Unlike UCB in which approximately 75% of cases are superficial at the time of diagnosis, 45% of UTUC are invasive when diagnosed \[[@pone.0137141.ref020]\]. The disease-specific survival has improved slightly over the past 50 years, but overall 5-year disease-specific mortality remains at 25%, reflecting the tendency for advanced stage at diagnosis \[[@pone.0137141.ref021]\]. Currently, patients with metastatic or locally advanced UTUC are treated with chemotherapy regimens that have proven effective in patients with locally advanced or metastatic urothelial carcinoma derived from the bladder: MVAC (methotrexate, vinblastine, doxorubicin, cisplatin) or a combination of gemcitabine and cisplatin. However, there are no prospective trials showing survival benefit for these agents in patients with advanced UTUC, and renal insufficiency after extirpative surgery may limit chemotherapeutic treatment options \[[@pone.0137141.ref022],[@pone.0137141.ref023]\]. This study sought to evaluate genetic anomalies specific to UTUC that may assist in our understanding of the disease as well as identify possible prognostic or therapeutic markers.

Prior studies evaluating the molecular biology of UCB and UTUC have focused on genetic similarities. On the chromosomal level, many of the same genetic abnormalities found in UCB are also observed in UTUC \[[@pone.0137141.ref024]\]. Mutations in specific genes including FGFR3, p53, and Rb have been associated with both UTUC and UCB \[[@pone.0137141.ref025],[@pone.0137141.ref026]\]. However, microscopic evaluation has shown that UTUC is generally more aggressive (i.e. higher grade) than UCB \[[@pone.0137141.ref001]\]. Furthermore, there are specific environmental exposures and hereditary syndromes associated with an increased risk of development of UTUC. Patients with Hereditary Nonpolyposis Colorectal Cancer have a defect in DNA repair genes resulting in a hypermutable state. These patients are known to have a 22 fold increased risk of developing UTUC \[[@pone.0137141.ref027]\]. Furthermore, individuals in the Balkan Peninsula are at risk for developing Balkan Endemic Nephropathy, which is a chronic renal disease that produces interstitial fibrosis, renal insufficiency, and an increased risk of UTUC \[[@pone.0137141.ref003]\]. The increase in incidence of UTUC in these specific patient populations raises the possibility that specific pathways are activated or suppressed in UTUC.

Prior studies using high throughput genomic analysis of UTUC have provided insightful findings. Zhang et al performed a study using gene expression microarrays to compare UTUC to muscle invasive UCB. Although similar gene expression profiles were found when comparing UCB and UTUC in unsupervised analysis, differences in expression of sodium ion transporters were found in class comparison analysis \[[@pone.0137141.ref028]\]. Quian et al found a high level of activity in the AKT/PI3K pathway in UTUC. This group went on to create a mouse model with a PTEN deletion which resulted in increased AKT/mTOR signaling in upper tract urothelial carcinoma \[[@pone.0137141.ref029]\]. Patel et al reviewed multiple genetic studies of UTUC and proposed a model by which deficiencies in DNA repair, as seen in disease states that increase the risk of UTUC (i.e. Lynch syndrome), leads to activation of the AKT/mTOR pathway and subsequent development of UTUC\[[@pone.0137141.ref025]\].

Our data show the gene expression profiles between UTUC and UCB were very similar until separated by pathologic T stage. This finding may be explained by the molecular heterogeneity in urothelial carcinoma. The recently published Cancer Genome Atlas Research Network study of muscle invasive UCB showed recurrent mutations in 32 unique genes as well as a wide variety of copy number alterations, confirming that muscle invasive UCB is indeed a molecularly heterogeneous disease\[[@pone.0137141.ref030]\]. Furthermore, urothelial carcinoma has been shown to have an increased number of genetic abnormalities as stage and grade increases\[[@pone.0137141.ref031]\]. Integration of stage and molecular information may be necessary to detect subsets of urothelial carcinoma with specific genetic changes.

Our supervised analysis was based on a subset of pT3 tumors and showed differential expression of 81 genes. Many of the genes that were overexpressed in UCB were immunologic mediators such as HLA complex P5 and IFI27. This is an interesting finding given the critical role immunotherapy such as Bacillus Calmette-Guerin in treating non-muscle invasive bladder cancer, as well as the current activity in elucidating the role of PD-L1/PD-1 pathway in UCB\[[@pone.0137141.ref032]\].

Pathway analysis showed lower levels of expression of genes enriched in the TNF pathway and the HGF pathway in UTUC compared with UCB. This may have implications in the response to immune mediated therapies, such as BCG and interferon \[[@pone.0137141.ref022]\]. We also found over-expression of a marker with potential therapeutic value, SLITRK6. This is a membrane protein with low levels of expression in normal tissues, but high levels of expression in certain types of cancer including UCB, making it an ideal target for an antibody-drug therapeutic agent\[[@pone.0137141.ref016]\]. An antibody to the SLITRK6 protein has been linked with a cytotoxic agent monomethyl auristatin E (AGS15E) and is currently in phase I clinical trials for patients with metatstatic urothelial carcinoma (protocol ID NCT 01963052)\[[@pone.0137141.ref017]\]. Given our analysis compared the relative expression of UCB and UTUC and this gene was found to be over-expressed in UTUC relative to UCB, AGS15E may be a good drug candidate for patients with locally advanced or metastatic UTUC who otherwise have limited treatment options.

Genes associated with a luminal subtype were highly expressed in UTUC. The basal versus luminal subtypes are thought to represent different stages of differentiation\[[@pone.0137141.ref014]\]. This finding lends further support to the idea that UTUC represents a unique subpopulation of urothelial carcinoma.

This study has a number of limitations. First, the numbers are small given the rarity of the disease. Second, this study was conducted using publically available data and there was no central review of the pathology. Despite these limitations, we believe this is the first study of gene expression comparing UTUC and UCB to find specific examples that upper tract tumors may represent a unique sub-population of urothelial carcinoma.

Conclusion {#sec015}
==========

By separating upper tract urothelial carcinoma and bladder urothelial carcinoma by T stage in our analysis of microarray data, we were able to detect molecular differences in UTUC when compared to UCB. Differentially expressed genes have immunogenic functions, and were involved in the TNF and HFG pathways. Upper tract tumors tend to over-express luminal genes. One gene highly over-expressed in upper tract urothelial carcinoma, SLITRK6, is the target of an antibody-drug conjugate currently being evaluated in phase I clinical trials.

Supporting Information {#sec016}
======================

###### Hierarchical clustering of tumors of all stages shows no differential clustering between UTUC and UCB.

(TIF)

###### 

Click here for additional data file.

###### Differential clustering between UTUC (right side) and UCB (left side) in pT3 tumors.

(TIF)

###### 

Click here for additional data file.

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.

[^2]: Conceived and designed the experiments: TS SP MM. Performed the experiments: TS. Analyzed the data: TS SP MM. Contributed reagents/materials/analysis tools: TS. Wrote the paper: TS SP MM.
